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摘    要 
 i
摘    要 
合成富勒烯的方法已有不少，但是富勒烯的产率一直无法达到令人满意
的程度；继 C60大量合成之后，又有不少富勒烯相继问世，如 C70、C76、C80、













有 D5h 对称性的笼形结构的富勒烯。C50Cl10 的成功合成，预示着，如果将容
易聚合的碳簇的高活性点（五元环和五元环相接处）饱和，那么实际上是可























Fullerenes can be accessed via many methods, but yield of fullerenes is not satisfied with 
commercial requirments. After C60 was produced in milligram, the other higher fullerenes, 
such as C70, C76, C80, C82, C84, C90, C92, C94, etc. have been successfully isolated, but no 
fullerene smaller than C60, is isolated. The formation mechanism of fullerenes is still not well 
understood owing to the lack of viable evidences, notably to the lack of the information on 
possible intermediates. In this thesis, a series of experiments involving chlorine were carried 
out in a graphite arc-discharge reactor and the study focus on the influence of chlorine on the 
formation of fullerenes. The main experimental results are summarized as follows. 
1. A small amount of CCl4 mixed into He atmosphere remarkably enhances  the fullerenes 
formation in the graphite arc-discharge reaction. This finding will be of significance for 
fullerenes synthesis on large scale, and provides valuable clues to the mechanism investigation 
of fullerenes formation. 
2. Fullerene[50], in the form of C50Cl10, has been synthesized for the first time in a 
graphite arc-discharge process by introducing chlorine to saturate its unsatisfied valences. By 
means of mass spectrum, 13C NMR, infrared absorption, Raman, UV-Vis absorption and 
fluorescence spectroscopy, this decachlorofullerene[50] molecule has been characterized to be 
an elliptical closed-cage with elegant D5h symmetry that comprises two bowl-shaped, 
dehydrocorannulenic C20 caps connected by five pairs of adjacent pentagons. The 
chlorine-involving synthetic method reported here could be applicable to the synthesis of other 
small fullerenes that are too labile owing to the presence of pentagon-pentagon fusions. 
3. Based on the yield correlation of fullerenes and their intermediates, we have discovered 
a novel variation pattern, which may be used to distinguish the fullerenes precursors from the 
irrelevant side-products. Some chlorinated carbon clusters e.g. C6Cl6, C10Cl8, C12Cl8, C14Cl8(I), 
C16Cl10(I), C18Cl10 and C20Cl10(I), are the fullerenes precursors, some (e.g. C14Cl8(II) and 
C16Cl10(II)) are side-products. Based on prior investigation and the experimental results in this 
thesis, a mechanism of fullerenes was postulated for the interpretation of fullerenes formation 
involving chlorine. 
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景。正因为如此，瑞典皇家科学院将 1996 年的诺贝尔化学奖授予 Smally、













































































[23]等用抛物镜面将太阳光聚焦在直径为 0.4 mm 的石墨棒的顶端（该石墨棒
安放在耐热玻璃管内，充有氩气），从石墨棒顶端蒸发的碳，迅速被氩气带出
太阳光照射区，沉积在耐热玻璃管的上部管壁（阳光非直射区域），收集后经
提取、分析，证实主要产物为 C60 和 C70。 
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到单壁碳纳米管[24]。他们现在正致力于将太阳炉生产富勒烯规模化[25]，即从
2 kW 发展到 250 kW。 
1.1.1.4 石墨高频电炉加热蒸发法 
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它 60 多种的氯代化合物，并首次发现了C60 的五种同分异构体，这对富勒烯
形成机理的认识有所帮助。 
本小组[42-45]还对辉光等离子体合成法进行了较为系统的研究，同样以氯
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